Introduction
The Global initiative for chronic Obstructive Lung Disease (GOLD) strategy document recommends that the pharmacological therapy of chronic obstructive pulmonary disease (COPD) should be predicated according to the individual patient's level of symptoms, airflow limitation, and history of exacerbations. 1 The preferred option for maintenance therapy of COPD is long-acting bronchodilators, 1, 2 either alone or in combination with an inhaled corticosteroid (ICS).
The GOLD strategy document 1 recommends treatment with at least one longacting bronchodilator for patients with moderate-to-very severe COPD. The strategy of combining short-acting bronchodilators with different mechanisms of action, ie, ipratropium bromide and salbutamol, has previously been shown to provide better symptomatic relief and to be cost-saving in patients with COPD. 3, 4 In line with this, more recent studies have shown that also combining long-acting bronchodilators with different mechanisms of action provides additional benefits over the use of a single long-acting bronchodilator, without significantly increasing the risk of adverse effects. [5] [6] [7] Previous studies have shown that combining a long-acting β 2 -agonist with a long-acting anti-muscarinic antagonist leads to significant improvements in symptoms and lung function compared with either type of bronchodilator used alone. 5, 7 Acute exacerbations of COPD are associated with a poor prognosis in regard to health status, physical activity, decline in lung function, and mortality. [8] [9] [10] [11] [12] [13] Prevention of exacerbations is therefore of outmost importance in the management of COPD, 1 and, in keeping with this, a key objective for new drugs for COPD.
The aim of this review is to provide an overview of the clinical studies evaluating the safety and clinical efficacy of the once-daily fixed-dose dual bronchodilator combination of indacaterol and glycopyrronium bromide for the treatment of COPD.
Materials and methods
In order to perform this review, the general principles of the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines 14, 15 were adopted. A planned series of systematic searches was carried out, last updated February 2014, using the databases PubMed, EMBASE, Cochrane Central Register of Controlled Trials, and ClinicalTrials.gov using the following algorithm of MeSH terms: "glycopyrronium bromide", "indacaterol", "QVA149", "long-acting bronchodilators", "QAB149", "NVA237", "aclidinium bromide", "tiotropium bromide", "formoterol", "salmeterol", and "COPD". These searches were repeated with these terms in combination with "FEV 1 ", "dyspnoea", "health status", "quality of life", "day-time symptoms", "night-time symptoms", "exacerbations", "hyperinflation", and "exercise capacity", in order to identify published studies. All searches were limited to English-language articles. As the methods and results could not be fully assessed, clinical trials published only in abstract form were excluded from this review.
Studies were included if they met all of the following criteria: 1) published in a peer-reviewed journal; 2) inclusion of adults $40 years of age with stable COPD defined according to the GOLD strategy document 1 Due primarily to the relatively limited number of published clinical trials fulfilling all inclusion criteria, a meta-analysis was not included in the present review.
Results
Of the 147 potential relevant citations identified by the series of searches, nine clinical trials fulfilled all inclusion criteria (6,166 participants). Characteristics of the included studies are given in Table 1 . All subjects included in the trials were stable but symptomatic at baseline and fulfilled the spirometric criteria for a diagnosis of COPD. Two studies compared fixed-dose indacaterol/glycopyrronium with indacaterol (and placebo); one study with indacaterol and glycopyrronium; two studies with tiotropium (and placebo); one study with glycopyrronium and tiotropium; one study with fixed-combination salmeterol/fluticasone (SFC); one study with indacaterol, glycopyrronium, and tiotropium (and placebo); and one study with placebo.
Safety profile
The cardiovascular safety of fixed-dose indacaterol/ glycopyrronium was evaluated by Van de Maele et al 16 in a randomized, double-blind, placebo-controlled, parallel-group study of 257 patients with moderate-to-severe COPD. The enrolled patients were randomized to receive fixed-dose indacaterol/glycopyrronium (600/100 µg, 300/100 µg, or 150/100 µg), indacaterol 300 µg, or placebo once daily for 14 days, and the primary endpoint was change from baseline in 24-hour mean heart rate versus placebo on day 14. No clinical significant difference was observed for the primary endpoint, and once-daily fixed-dose indacaterol/ glycopyrronium was, in general, well tolerated among the enrolled COPD patients with a cardiovascular safety profile, including QTc interval, and an overall rate of adverse events (AEs) similar to that of placebo.
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Glycopyrronium and indacaterol fixed-dose dual bronchodilation in COPD The safety of fixed-dose indacaterol/glycopyrronium was further investigated in the ENLIGHTEN study by Dahl et al, 17 in which 339 patients were randomized to either fixed-dose indacaterol/glycopyrronium or placebo for 52 weeks. The primary endpoint was safety and tolerability for treatmentemergent AEs. No difference between treatment groups was observed for the primary endpoint; likewise, no clinically relevant differences were observed for vital signs and electrocardiographic parameters. The overall incidence of AEs was similar between the two treatment arms (57.8% and 56.6%, respectively), and the most frequently reported AE was worsening of COPD (28.5% and 25.7%, respectively, for active and placebo treatment). The most common severe AE was exacerbation of COPD, and the second most common severe AE was pneumonia, the latter only reported in the indacaterol/glycopyrronium-treated group (n=8). A post hoc analysis of serious pneumonia AEs stratified by COPD severity was reported not to provide conclusive evidence that fixed-dose indacaterol/glycopyrronium was associated with a higher incidence of pneumonia than placebo (rate of events 3.6%, odds ratio 5.11; P=0.10). Although no statistically significant difference was observed, AEs that led to hospitalization or prolonged hospitalization were reported for 15.1% and 8.8%, respectively, of patients treated with fixeddose indacaterol/glycopyrronium and placebo. In contrast to this, in the ILLUMINATE study, 18 pneumonia (confirmed by chest X-ray) was only reported in patients treated with fixedcombination SFC (1.5%; no cases among patients treated with fixed-dose indacaterol/glycopyrronium).
The BEACON study by Dahl et al 19 compared fixeddose indacaterol/glycopyrronium with the concurrent administration of the mono-components indacaterol and glycopyrronium and found that the safety and efficacy profile was similar for the two treatment arms.
Symptom relief and use of rescue medication
Mahler et al 20 investigated the effect of fixed-dose indacaterol/glycopyrronium versus placebo and tiotropium on dyspnea in the blinded, double-dummy, crossover BLAZE study comprising 247 patients with moderate-to-severe COPD (staging according to the GOLD 2007 criteria; mean post-bronchodilator FEV 1 56% predicted [pred] ). Changes in dyspnea were assessed by the self-administered computerized versions of the Baseline Dyspnea Index and the TDI after 6 weeks. The TDI total score was statistically significantly improved with fixed-dose indacaterol/glycopyrronium at 6 weeks compared to both placebo and tiotropium.
However, only the improvement with fixed-dose indacaterol/ glycopyrronium versus placebo reached the minimal clinically important difference (MCID) of $1 point; 21 this MCID in total TDI score with fixed-dose indacaterol/glycopyrronium was seen in patients with both moderate (least squares mean [LSM] treatment difference 1.11; P,0.001) and severe (LSM treatment difference 1.92; P,0.001) COPD (defined on spirometric criteria) compared with placebo. A TDI responder analysis comparing fixed-dose indacaterol/ glycopyrronium and tiotropium revealed that the proportion of patients achieving the MCID of at least 1 point was higher with fixed-dose indacaterol/ glycopyrronium than with either placebo (35.9% and 18.1%, respectively; P,0.001) or tiotropium (24.4%; P=0.012). However, it should be noted that the MCID for comparisons between active treatments has not yet been established.
The BLAZE study 20 also showed a significant improvement in percentage of nights with no awakenings, days with no daytime symptoms, and days with usual daily activities compared with placebo, whereas no significant difference in these outcomes was observed between fixed-dose indacaterol/ glycopyrronium and tiotropium; in line with this, no statistically significant differences were observed between the two active treatment arms with regard to mean daily total and individual symptom (respiratory symptoms, cough, wheeze, and amount of sputum) scores. However, the patients treated with fixed-dose indacaterol/glycopyrronium used less rescue medication and had a higher percentage of days with no use of rescue medication compared to both placebo (P,0.001) and tiotropium (P=0.002 and P,0.001). Similar findings with regard to symptoms and use of rescue medication were reported in the ENLIGHTEN study. 17 Vogelmeier et al 18 reported that fixed-dose indacaterol/ glycopyrronium significantly increased the TDI focal score after 26 weeks of treatment compared with fixed-combination SFC, with a treatment difference of 0.76 (P=0.003). Although, on average, not reaching the MCID for TDI score, 67.5% of patients treated with fixed-dose indacaterol/glycopyrronium compared with 56.8% of patients on SFC had an increase of at least 1 point in TDI score (P=0.046). However, no difference in change in total SGRQ score was observed between the two treatment groups; likewise, only modest and, in general, nonsignificant differences were reported with regard to symptoms and use of rescue medication. 18 With regard to rescue medication, van Noord et al 22 found no difference in number of puffs used by patients treated with fixed-dose indacaterol/glycopyrronium and indacaterol, whereas Wedzicha et al 23 reported a significant decrease in 
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Glycopyrronium and indacaterol fixed-dose dual bronchodilation in COPD use of rescue medication (salbutamol) for patients treated with fixed-dose indacaterol/glycopyrronium compared with glycopyrronium and tiotropium. The SHINE study 24 showed significant improvements in TDI focal score, use of rescue medication, daytime symptoms, nighttime symptoms, and ability to perform usual daily activities for fixed-dose indacaterol/glycopyrronium compared with monotherapy with a long-acting bronchodilator and placebo. Furthermore, the SHINE study also showed a significant improvement in SGRQ total score at week 12 and week 26 compared with placebo, whereas no significant improvement was observed for the other active treatments (indacaterol, glycopyrronium, and tiotropium) or placebo. 24 Wedzicha et al 23 reported an improvement in SGRQ total score from baseline of 8-9 units with fixed-dose indacaterol/ glycopyrronium; 6 units with glycopyrronium; and 5-6 units with tiotropium, and the treatment differences in SGRQ total score between fixed-dose indacaterol/glycopyrronium were −1.9 to −2.8 and −1.7 to −3.1, respectively, compared with glycopyrronium (P,0.01) and tiotropium (P,0.05). In keeping with this, the percentage of patients achieving the MCID in total SGRQ score was significantly higher for fixed-dose indacaterol/glycopyrronium compared with both glycopyrronium and tiotropium up to week 52.
Fev 1
van Noord et al, 22 in a four-period crossover study (n=154), compared the efficacy of once-daily fixed-dose indacaterol/ glycopyrronium (300/50 µg) with indacaterol (600 µg and 300 µg) and placebo. The primary outcome variable was trough FEV 1 on day 7 ( Table 1) . The LSM trough FEV 1 on day 7 was significantly higher for fixed-dose indacaterol/ glycopyrronium compared with placebo (treatment difference 0.226 L; P,0.001) and with indacaterol 300 µg or 600 µg (treatment difference 0.123 L and 0.117 L, respectively; P,0.001). Furthermore, fixed-dose indacaterol/ glycopyrronium had a faster onset of action (at 5 minutes post-dose on day 1) compared with placebo and with indacaterol 300 µg or 600 µg (P,0.0001); the treatment difference between fixed-dose indacaterol/glycopyrronium and placebo was 0.141 L, whereas no exact data were reported for the treatment difference between fixed-dose indacaterol/ glycopyrronium and indacaterol.
In the SHINE study, Bateman et al 24 investigated the efficacy of fixed-dose indacaterol/glycopyrronium versus its mono-components indacaterol and glycopyrronium, tiotropium, and placebo over 26 weeks. Patients with moderate-to-severe COPD (defined according to the GOLD 2007 spirometric criteria; n=2,144) were randomized to oncedaily fixed-dose indacaterol/glycopyrronium (110/50 µg), indacaterol (150 µg), glycopyrronium (50 µg), open-label tiotropium (18 µg), or placebo (Table 1 ). The primary outcome was trough FEV 1 at week 26 for fixed-dose indacaterol/ glycopyrronium versus its mono-components. At week 26, a significant improvement was seen in trough FEV 1 for fixed-dose indacaterol/glycopyrronium compared with both indacaterol (treatment difference 0.07 L; P,0.001) and glycopyrronium (treatment difference 0.09 L; P,0.001); likewise, a significant improvement was observed for fixeddose indacaterol/glycopyrronium compared with tiotropium and placebo (treatment difference 0.08 L and 0.20 L, respectively; P,0.001). The observed statistically significant differences between fixed-dose indacaterol/ glycopyrronium versus all active treatments and placebo in trough FEV 1 were maintained throughout the study period. Similar to the findings reported by van Noord et al, 22 the SHINE study 24 revealed that fixed-dose indacaterol/glycopyrronium provides rapid bronchodilation after administration of the first dose on day 1, as the FEV 1 , FEV 1 4-hour area under the curve, and peak FEV 1 were higher compared with placebo, glycopyrronium, and tiotropium, whereas data were not given for the comparison with indacaterol. Subgroup analysis showed that the improvement in trough FEV 1 was seen both in patients with moderate and with severe COPD (defined by the spirometric GOLD criteria), although the treatment differences between fixed-dose indacaterol/glycopyrronium and monotherapy with a long-acting bronchodilator (indacaterol, glycopyrronium, and tiotropium) was less than 0.10 L.
Vogelmeier et al, 18 in the ILLUMINATE study, compared the safety and efficacy of fixed-dose indacaterol/ glycopyrronium versus fixed-combination SFC over 26 weeks in patients with moderate-to-severe COPD. In this doubleblind, double-dummy, parallel-group study, 523 patients (without exacerbations in the year prior to study entry) were randomized to either fixed-dose indacaterol/glycopyrronium (110/50 µg once daily) or SFC (50/500 µg twice daily). The primary outcome was the standardized area under the FEV 1 curve from 0-12 hours post-dose (FEV 1 AUC 0-12 ) at week 26. Thirty-five percent of the enrolled patients were treated with ICS at baseline, and the mean post-bronchodilator FEV 1 was 60.2% pred ( Table 1 
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Ulrik observed throughout the study period. Similar findings were reported for other spirometric parameters, including peak FEV 1 and forced vital capacity. 18 After 6 weeks of treatment in the BLAZE study, 20 a significant and clinically meaningful 25 improvement in mean FEV 1 was seen at every time point from 45 minutes pre-dose to 4 hours post-dose versus both placebo and tiotropium (P,0.001).
The ENLIGHTEN study 17 showed a significant improvement in pre-dose FEV 1 at week 52 compared with placebo (treatment difference 0.189 L; P,0.001), and the treatment difference in pre-dose FEV 1 from week 3 to week 52 versus placebo was in the range of 0.152-0.189 L (P,0.001). Furthermore, the 60-minute post-dose FEV 1 was significantly higher for patients treated with fixed-dose indacaterol/ glycopyrronium compared with placebo (treatment difference 0.200-0.286 L; P,0.001).
Trough FEV 1 in the SPARK study 23 was significantly higher for fixed-dose indacaterol/glycopyrronium at all evaluated time points compared with glycopyrronium (treatment difference 0.08-0.09 L; P,0.0001) and tiotropium (treatment difference 0.06-0.08 L; P,0.0001).
Exercise capacity and hyperinflation
In the BRIGHT study, Beeh et al 26 investigated the effect of fixed-dose indacaterol/glycopyrronium compared with placebo and tiotropium on exercise tolerance in patients with moderateto-severe COPD (defined according to the GOLD 2007 spirometric criteria; mean FEV 1 55.9% pred) ( Table 1 ). A total of 85 patients were randomized to fixed-dose indacaterol/glycopyrronium (110/50 µg), placebo, or tiotropium (18 µg) once daily in a blinded, three-period, crossover study for 3 weeks. The primary outcome variable was exercise endurance time at day 21 for fixed-dose indacaterol/glycopyrronium versus placebo. Fixed-dose indacaterol/ glycopyrronium significantly improved exercise endurance time at day 21 compared with placebo (LSM treatment difference 60 seconds). A similar improvement in exercise endurance time was observed with tiotropium compared with placebo (LSM treatment difference 66 seconds). In line with this, an analysis of data for the subgroup of patients with hyperinflation (defined as functional residual capacity [FRC] .120% pred), showed that the mean changes in exercise endurance time from baseline were 85 seconds and 88 seconds, respectively, for indacaterol/glycopyrronium and tiotropium. A significant improvement in IC at peak exercise was observed for fixed-dose indacaterol/ glycopyrronium compared with both placebo and tiotropium, and a similar difference was observed for trough IC.
In the study by van Noord et al, 22 changes in IC, although not stated as a secondary outcome variable, were also determined. The authors reported that both LSM IC and trough IC were significantly better for fixed-dose indacaterol/ glycopyrronium compared with both indacaterol and placebo (P=0.02).
exacerbations
Wedzicha et al, in the SPARK study, 23 investigated the effect of fixed-dose indacaterol/glycopyrronium on exacerbations in patients with severe and very severe COPD (defined according to the GOLD 2007 spirometric criteria). In a parallel-group study, 2,224 patients (having had at least one exacerbation of COPD in the year prior to enrollment) were randomized to fixed-dose indacaterol/glycopyrronium (110/50 µg), glycopyrronium (50 µg), or open-label tiotropium (18 µg) for 64 weeks. The primary outcome variable was to demonstrate superiority of fixed-dose indacaterol/glycopyrronium for the rate of moderate (defined as worsening of symptoms treated with systemic corticosteroids or antibiotics or both) and severe (defined as worsening of symptoms requiring emergency treatment or hospitalization) exacerbations compared to monotherapy with glycopyrronium. The key secondary outcome variable was to demonstrate superiority of fixed-dose indacaterol/glycopyrronium compared with tiotropium with regard to the rate of moderate and severe exacerbations. Twenty-two percent of the patients included in the efficacy analyses had had two or more exacerbations in the previous year, and 88% of the patients had one or more cardiovascular risk factors at baseline, although few patients had a history of cardiovascular disease. Furthermore, 75% of the patients in all three treatment arms were treated with ICSs throughout the study period. The rate of moderate or severe exacerbations was significantly reduced by 12% for the fixed-dose indacaterol/glycopyrronium group compared with the glycopyrronium group (P=0.038), whereas the 10% reduction in the rate of moderate or severe exacerbations with fixed-dose indacaterol/glycopyrronium compared with tiotropium was nonsignificant. The overall rate of exacerbations (mild, moderate, and severe) was significantly reduced with fixed-dose indacaterol/glycopyrronium, by 15% and 14%, respectively, compared with glycopyrronium and tiotropium. The number of severe exacerbations was low, with no differences between treatment arms.
Discussion
The combination of two long-acting bronchodilators with different mechanisms of action is likely to have the potential 
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Glycopyrronium and indacaterol fixed-dose dual bronchodilation in COPD to enhance efficacy compared with single long-acting bronchodilators, without a concomitant increase in adverse effects. Fixed-dose indacaterol/glycopyrronium is, based on the available evidence, a safe and well-tolerated dual long-acting bronchodilator. In patients with moderate-tovery severe COPD (defined by GOLD spirometric criteria), fixed-dose indacaterol/glycopyrronium has clinically important effects on symptoms, including dyspnea score, health status, level of FEV 1 , exercise endurance time, and rate of exacerbations.
Bronchodilation improves airway conductance and airflow and reduces hyperinflation, which subsequently leads to a reduction in dyspnea. Sustained bronchodilation is therefore, in accordance with the current GOLD strategy document, 1 recommended as maintenance therapy for patients with symptomatic COPD. The published studies show that treatment with once-daily fixed-dose indacaterol/glycopyrronium leads to clinically important improvements, not only in lung function, but also in other important endpoints such as dyspnea index, health status, symptoms, exercise endurance time, and use of rescue medication, although the findings with regard to use of rescue medication were not absolutely consistent. The studies of fixed-dose indacaterol/glycopyrronium are therefore in accordance with several previously published studies that have investigated the efficacy of free combinations of long-acting β 2 -agonists and long-acting antimuscarinic agents [27] [28] [29] [30] in patients with COPD. Furthermore, these studies are also in accordance with a very recently published study by Celli et al 31 investigating the safety and efficacy of once-daily fixed-dose umeclidinium/vilanterol in patients with COPD.
Sustained bronchodilation is also thought to contribute to the reduction in exacerbations of COPD seen with treatment with long-acting bronchodilators, and, although long-acting anti-muscarinic agents are primarily thought to reduce exacerbations by reducing dynamic hyperinflation, both long-acting β 2 -agonists and long-acting anti-muscarinic agents may have anti-inflammatory effects. [32] [33] [34] The studies published so far investigating the safety and, not least, efficacy of fixed-dose indacaterol/glycopyrronium support the GOLD 2013 strategy 1 alternative-choice recommendation that add-on of a second long-acting bronchodilator in patients with moderate-to-very severe COPD (GOLD 2013 groups B-D) may improve symptom control, and, in line with this, that patients classified as being "low-risk" (group B), who remain symptomatic on a single long-acting bronchodilator, may significantly benefit from fixed-dose indacaterol/glycopyrronium. Furthermore, the reported f indings also support the GOLD 2013 strategy secondary choice recommendation for "high-risk" patients (groups C and D based on symptoms and exacerbations), as a long-acting β 2 -agonist plus a long-acting anti-muscarinic agent is recommended as an alternative to a long-acting β-agonist plus ICS (group C) or ICS plus long-acting β 2 -agonist and/or long-acting anti-muscarinic agent (group D).
Conclusion
The published studies indicate that once-daily fixed-dose indacaterol/glycopyrronium may become an important therapeutic maintenance option for patients with moderateto-very severe COPD. In years to come, combination therapy with a long-acting antimuscarinic agent and a long-acting β2-agonist, preferably as fixed combination, may become the treatment of choice for maintenance therapy-naïve patients with symptomatic COPD.
Disclosure
